The inhibitory activity of gentamicin against Mycobacterium avium depended on the pH of the medium, and the broth-determined MICs for 90%o of strains were 5.0 ,ug/ml at pH 7.4, 9.5 pg/ml at pH 6.8, and > 16.0 ,g/ml at pH 5.0. The MBCs were two-to eightfold higher than the MICs. The combined effect of gentamicin and clarithromycin was additive, and the MICs and MBCs of each drug were either the same as those in the single-drug tests or reduced twofold.
Gentamicin has been known to be an active antimicrobial agent since 1963, but there have been only a few reports analyzing its activity against mycobacterial species. One of the first reports (13) indicated that gentamicin at a concentration of 10 ,g/ml inhibited all 15 Mycobacterium tuberculosis strains in a tube dilution test. The authors of another earlier publication (11) claimed that gentamicin may be active against streptomycin-resistant M. tuberculosis strains, but the limited data provided in this short communication are not sufficient for a definite conclusion. In another study, all 9 gentamicin-resistant strains were resistant to streptomycin, but of 54 streptomycin-resistant strains, only 15% were resistant to gentamicin (15) .
In the first systematic study of gentamicin activity against mycobacteria, Sanders et al. (14) determined the MICs of the drug in Proskauer-Beck liquid medium and found that the MICs for 13 M. tuberculosis strains were 1.6 to 3.1 ,ug/ml, while the MICs of streptomycin were >25 ,ug/ml for 3 of these strains and ranged from 0.8 to 6.2 ,ug/ml for the remaining 10 strains. In experiments with 10 strains of M. kansasii, the MICs of gentamicin ranged from 1.6 to 6.2 ,g/ml and the MICs of streptomycin ranged from 3.1 to 25.0 ,ug/ml. Gentamicin was also more active than streptomycin in experiments with 10 M. intracellulare strains: the MICs ranged from 1.6 to 6.2 p,g/ml and from 1.6 to >25.0 ,g/ml, respectively. The MBC/MIC ratios ranged from two to eight in experiments with two strains each of M. tuberculosis, M. kansasii, and M. intracellulare. Experiments with mice infected with M. tuberculosis H37Rv indicated that gentamicin was only weakly bacteriostatic and was less effective than was streptomycin.
Gangadharam and Candler (4) tested the activities of gentamicin, amikacin, tobramycin, and sisomycin against various mycobacterial species. In experiments with M. tuberculosis, the agar-determined MICs were 3.2 to 6.2 ,ug/ml for 99 of 100 strains tested. The authors stated that gentamicin showed activity against M. tuberculosis only, but the actual data for this drug were not tabulated. Activity against nontuberculous mycobacteria was found only for amikacin. Unfortunately, the authors combined the results Klemens et al. (12) evaluated the activity of free and liposome-encapsulated gentamicin in beige mice infected with M. avium and reported that both forms of the drug significantly reduced the number of bacteria in the spleen and liver but that the liposome-encapsulated form was substantially more effective than was the free form. This effect was dose related for the encapsulated form. Bermudez et al. (1) tested the activities of two aminoglycosides, gentamicin and amikacin, against M. avium in the beige mouse model and reported that only liposome-encapsulated drugs led to a dramatic decrease in viable counts in the blood, liver, and spleen. The aminoglycosides had an equal effect, although amikacin had some advantage in reducing viable counts in the blood, but only when low doses (0.2 mg) were administered.
Our previous studies of aminoglycosides (5, 6) revealed little difference in either the inhibitory or the bactericidal activities of streptomycin, kanamycin, and amikacin against a large number of M. avium strains. These studies did not include gentamicin. The aim of our present study was to determine the bacteriostatic and bactericidal activities (MICs and MBCs) of gentamicin alone and in combination with clarithromycin for M. avium strains isolated from AIDS patients. 16 .0 FLg/ml. Each drug-containing vial was inoculated with approximately 104 CFU/ml as described previously (7). At each pH for each strain, two control vials were prepared, one containing the same inoculum as the drug-containing vials and one containing a 1:100 dilution of the inoculum, representing 1% of the bacterial population. The vials were incubated at 37°C and read daily in a BACTEC 460 instrument, and the radiometric growth indices (GI) were recorded. The test was complete when the GI of the 1:100-diluted control was greater than 20 for three consecutive days during an 8-day period of cultivation, while at the same time the undiluted control reached the maximum GI, 999, no sooner than the fourth day of cultivation. The MIC was considered the lowest concentration of the drug in the presence of which the GI did not exceed 50 for the duration of the test. Details of these criteria are described in our previous publications and were summarized in a recently published review (7). As in our previous studies, the observance of these standards ensured that the radiometrically determined MIC was the lowest drug concentration that indeed inhibited more than 99% of the bacterial population.
MATERIALS AND METHODS
For agar-determined MICs, gentamicin was added to 100-ml batches of sterile cooled agar to yield concentrations of 1.0 to 64.0 ,g/ml. Drug-containing and drug-free agar preparations were poured into quadrant petri plates. The plates were inoculated with approximately 103 CFU/ml and incubated for 12 to 14 days in 5% CO2 at 37°C. Incubation in the presence of CO2 may have lowered the pH slightly (not by more than 0.1 or 0.2, as determined by our observations), but it was necessary to obtain sufficient growth within 2 weeks to avoid possible degradation of the drug. Growth on the drug-containing and drug-free control quandrants was compared, and the gentamicin concentration inhibiting more than 99% of the growth seen on the drug-free agar was considered the MIC.
Bactericidal activity. Bactericidal activity was measured as the MBC, the lowest concentration that killed more than 99% of the bacterial population present at the beginning of the experiment. Gentamicin was added to duplicate 7H12 broth vials to yield final concentrations of the drug at the MIC and two-, four-, and eightfold higher than the MIC. The inoculum was as described above for the MIC determinations. One control vial was sampled, and the sample was plated on 7H10 agar to determine the initial number of CFU per milliliter. On days 5, 10, and 15, the test vials were sampled and the samples were diluted on the basis of the radiometric GI and plated on duplicate 7H10 agar plates at 0.5 ml per plate. The plates were incubated at 37°C for 14 (8) . The selection of concentrations of clarithromycin was based on our previous data on the MICs and MBCs of this drug tested singly with the same M. avium strains (9) . RESULTS The inhibitory activity of gentamicin in vitro depended on the pH of the medium (7H12 broth), being highest at pH 7.4, lowest at pH 5.0, and intermediate at pH 6.8 ( Table 1 ). The
MICs for 90% of strains were 5.0 ,ug/ml at pH 7.4, 9.5 jig/ml at pH 6.8, and > 16.0 ,ug/ml at pH 5.0. A comparison of MICs obtained in solid (Mueller-Hinton agar) and liquid (7H12 broth) media at the same pH (7.4) indicated that the agardetermined MICs were two-to eightfold higher than the broth-determined MICs for most of the strains (Fig. 1 ). This result is in agreement with our previous findings regarding other aminoglycosides (5, 6) .
The MBCs of gentamicin were .32.0 ,ug/ml for four of five tested strains and 16.0 ,ug/ml for one strain, resulting in an MBC/MIC ratio of four or eight, respectively ( Table 2 ). The inhibitory interactions of gentamicin and clarithromycin were determined in 7H12 broth at pH 7.4 for 10 strains. The MICs for four strains were reduced twofold in comparison with the MICs of each drug singly and remained the same for six strains (Table 3) , resulting in a fractional inhibitory concentration of 1.0 or 2.0, representing an additive interaction.
The bactericidal interactions of gentamicin and clarithromycin were determined for three strains and indicated an additive effect for two strains and a synergistic effect for one strain (Table 4) .
DISCUSSION
The broth-determined MICs of gentamicin against M. avium were substantially lower than the agar-determined MICs, in agreement with the results of our previous studies of other aminoglycosides (5, 6) . The range of the MICs found in our study was comparable to the data obtained in other reports for gentamicin (3, 13, 14) , some of which have indicated an advantage of this drug over other agents of this class. An important finding of our studies is that the MBC/ MIC ratios for gentamicin were lower than those for other aminoglycosides (6), possibly suggesting a higher bactericidal activity of gentamicin. Data on the effectiveness of gentamicin in beige mice infected with M. avium (1, 12) may be considered supportive of the possibility of a bactericidal effect in vivo, especially when the drug is in an encapsulated form, which may lead to concentrations sufficient for such an effect in sites of bacterial persistence and multiplication. Reduced activity at pHs below the neutral pH has been observed for other drugs in our work (9) and that of other groups (2, 10) and is also in agreement with the finding that a low pH may affect the activities of streptomycin and other aminoglycosides by interfering with the binding of the drugs to the surface of the bacterial cell (16) . The combined inhibitory effect of gentamicin and clarithromycin can be considered additive, resulting in either the same MICs and MBCs of each drug singly or a twofold reduction in these values. The combined bactericidal effect is strain dependent, being either additive or synergistic.
